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(54) A laminate gasket manifold for ink jet delivery systems and similar devices 



(57) A system arid method for the fabrication of a 
fluid, gas and/orvacuum flow system (10) having a lam- 
inate gasket manifold (14) containing a plurality of bi- 
directional fluid-flow channels (22) therein. Initially, a 
photoimagable polyimide dry film resist layer (44) is ap- 
plied to one or more stiffening elements (46) in order to 
form laminate sub-layers (42). The resist is then pat- 
terned to form a plurality of openings therein. Selective- 
ly, the laminate sub-layers are etched to form alignment 
apertures (18) therein. The resist-coated sub-layers 
(42) are then stacked such that the alignment apertures 
(18) therein are aligned to each other, respectively, to 
form bi-directional fluid-flow channels (22). Heat and 



pressure are then applied to the stack of laminate sub- 
layers (42) at 70-75 degrees C in a vacuum laminator 
for 1 0 to 30 seconds. Additional parts, such as a silicon 
aperture structure (12) and a substrate, or mounting 
block (24), are bonded to the laminate gasket manifold 
(1 4) via a die bonder at 1 60 degrees C for approximately 
five minutes. If such additional parts are added, forming 
a system (10), then the system (10) is cured via a post 
bake at 160 degrees C for one hour utilizing a static 
pressure, such as a dead weight, in order to press all 
parts together. Thus, the post bake results in a complete 
;cross-link of the bonding material (44), and may be ap- 
plied to the laminate gasket manifold (14) should addi- 
tional parts not be added. 
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Description 

FIELD OF THE INVENTION 



[0001] This invention relates in general to a fluid, gas 
and/or vacuum flow system, and to a method for the fab- 
rication and/or formation of same. More particularly, the 
invention relates to a method for the fabrication of a bi- 
directional flow system suitable for use in the delivery of 
ink in an Inkjet printer; for example, and to such a system 
having a laminate gasket manifold with a plurality of flu- 
id-flow channels therein. 

BACKGROUND OF THE INVENTION 

[0002] Without limiting the scope of the invention, its 
background is described in connection with ink jet print- 
ers; as an exiampie. It should be understood that the so- 
lutions provided herein in connection with an ink flow 
system for use in an ink jet printer may have use in other 
applications, such as where vacuum is required. 
[0003] Modern color printing relies heavily on ink jet 
printing techniques. The term "ink jet" as utilized herein 
is intended to include all drop-on-demand or continuous 
ink jet printer systems including, but not limited to, ther- 
mal ink jet, piezoelectric, and continuous, which are well 
known in the printing industry. An Inkjet printer produces 
images on a receiver medium (such as paper) by eject- 
ing ink droplets onto a receiver medium , such as paper, 
in an image-wise fashion The advantages of non-im- 
pact Jow-nbise, Ibw^energy use*, and low cost opera- 
tions, in addition to the capability of the printer to pnnt 
on plain paper, are largely responsible for the wide ac- 
ceptance of ink jet printers in this marketplace. 
[0004]: The print: head is the device that lis most com- 
monly used to direct . the ink droplets onto the receiver 
medium. A print head typically includes ah ink reservoir 
arid channels which carry the Ink from the reservoir to 
one or more nbzzfes. Typically, sophisticated print head 
systems utilize multiple nozzles for applications such as 
four-color ink jet and high speed continuous Ink jet print- 
er systems, as examples. In order to fabricate a four- 
color ink jet print head that consists of one monolithic 
silicon die with one or more arrays of nozzles for each 
color, an ink manifold is often used in the fluid delivery 
system. 

[0005] Ink manifolds are typically formed of a number 
of laminate sub-layers stacked on top of each other to 
form a sub-assembly haying internal fluid flow channels. 
Various lamination techniques are known including 
stamping, laser machining, or chemical etching, to pro- 
duce the channels in sheets of steel or plastics which 
are then adhesively bonded together to form the mani- 
fold sub-assembly. A known problem with these prior art 
lamination methods occurs with the use of liquid adhe- 
sivesorepoxies. Such adheslves can spill Into the chan- 
nels during stamping ormachining resulting In a clogged 
channel and poor performance of the fluid flow system. 



o , 

Oftentimes, the fabrication process is followed by a 
cleaning of the manifold sub-assembly which increases 
the overall costs of manufacture. If the adhesive layer 
is thinned out, the adhesive may not adhere to the sub- 

5 layers resulting in less than ideal bond thickness. 
[0006] A pressure sensitive adhesive can also be 
used. For example, laminates, which are fabricated with 
a layer of adhesive on one or both sides, can be stacked 
together and bonded under heat and pressure. Howev- 

10 er, structures with only a few laminate sub-layers can 
collapse when pressure and heat are applied since they 
are quite flexible and difficult to work with. For smaller 
structures, the material must be patterned out by me- 
chanical means or by laser machining. In any case, the 

15 problem remains that the adhesives are too thick and 
will often collapse into the channels resulting in clog- 
ging. 

[0007] The ideal solution would provide clean, sharp 
edges along the channel walls with no clogging. Accord- 

20 ingly, a need exists for an improved method of fabricat- 
ing a fluid, gas and/or vacuum flow system that elimi- 
nates debris in the fluid flow channels of the manifold 
and the requirement of cleaning the manifold sub-as- 
sembly after manufacture. A method of fabricating a 

25 general-purpose flow system, which can receive and 
transmit either a fluid or gas, would be useful in numer- 
ous applications. A fluid, gas and/or vacuum flow sys- 
tem that is cost effective to fabricate, but maintains ideal 
bond thickness, even for structures with a few sub-lay- 

30 ers, would provide numerous advantages. 



[0008] The present invention provides a method for 
35 the fabrication of a bi-directional fluid, gas and/or vacu- 
um flow system. The system includes a laminate gasket 
manifold containing a plurality of bi-directional fluid-flow 
channels. With the preseint invention, a four-color ink jet 
print head, for example, that consists of one monolithic 
40 silicon die with one or more arrays of nozzles for each 
color can be fabricated. 

[0009] Disclosed in one embodiment is a method for 
the fabrication of a fluid, gas and/or vacuum flow system 
having a laminate gasket manifold containing a plurality 

45 of bi-directional fluid-flow channels therein. The method 
comprises the step of applying a bonding material, such 
as a photoimagable polyimide dry film resist, to one or 
more stiffening elements in order to form laminate sub- 
layers. The application of the photoimagable polyimide 

so dry film resist is performed on one or both sides of the 
stiffening elements, such as stainless steel, Invar or 
copper. As such, an image developed on both sides of 
each laminate sub-layer during registration is created. 
[0010] The method also comprises the step of pat- 

55 terning the resist to form a plurality of openings therein. 
Openings in the dry film are patterned on both sides of 
the laminate sub-layers using a pre-registered or pre- 
aligned photomask. The pattern is then defined by re- 
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moving the photoresist from the selected pattern area. 
As such, the stainless steel is etched from the laminate 
sub-layers to form alignment apertures therein. Thus, 
etching is performed separately on the laminate sub-lay- 
ers utilizing an array format. Once the alignment aper- 
tures are formed, pins are set in the alignment apertures 
using a flex-mass board designed to keep the laminate 
sub-layers aligned, 

[0011] The method further comprises the step of 
stacking the resist-coated sub-layers such that the 
alignment apertures therein are aligned to each other, 
respectively, to form bi-directional fluid, gas, and/or vac- 
uum channels. Heat and pressure is then applied to the 
stack whereby the laminate sub-layers are bonded to- 
gether to form a laminate gasket manifold. In one em- 
bodiment, the laminate gasket manifold is heated at 70 
to 75 degrees C in a vacuum laminator for 1 0 to 30 sec- 
onds in order to tack the. laminate sub-layers together. 
This process results in the bonding material, or photoim- 
agable polyimide dry film resist layers, of the laminate 
gasket manifold not reaching a fully cross-linked state. 
The laminate gasket manifold can then be placed be- 
tween additional parts, such as a substrate providing flu- 
id, gas and/or vacuum inlets, and a structure, such as 
an ink jet silicon aperture structure. 
[0012] Together, the laminate gasket manifold and ad- 
ditional parts are bonded to form a fluid, gas and/or vac- 
uum flow system, The laminate gasket manifold is first 
aligned Iwith the fluid, gas and/or vacuum inlets and out- 
lets in the substrate. The substrate may include a 
mounting block comprising a metal such as stainless 
steel, a ceramic such as zirconium oxide, or a glass such 
as Pyrex or quartz. The laminate gasket manifold is then 
aligned with the nozzles, or orifices of the silicon aper- 
ture structure. As such, a precision die bonder can be 
used to accurately align the structures. In using the die 
bonder, pressure is applied to the gasket manifold and 
heated at 160 degrees C. The gasket manifold is held 
at this temperature and pressure for approximately five 
minutes in order to adhere the substrate to one side of 
the laminate gasket manifold and the silicon aperture 
structure to the other side. 

[0013] To fully cross-link the bonding material, a post 
bake, or curing process, at 160 degrees C for one hour 
is used with a static pressure, such as a dead weight, 
that presses the flow system together during the cross- 
linking process/ However, if the laminate gasket mani- 
fold is not to be used to bond other parts together, heat- 
ing the laminate sub-assembly via a post bake under 
pressure at 160 degrees C for one hour will fully cross- 
link the bonding material. 

[0014] According to another embodiment, disclosed 
is a fluid, gas and/or vacuum flow system comprising a 
laminate gasket manifold containing a plurality of bi-di- 
rectional fluid-flow channels therein. The laminate gas- 
ket manifold further comprises one or more laminate 
sub-layers. The laminate sub-layers each, in turn, com- 
prise one layer including a stiffening element and one 



or two layers of bonding material, such as a polyimide 
dry film resist, which resists dissolution upon contact 
with the fluid. The stiffening elements are chosen from 
the group consisting of: stainJess steel, Invar or copper. 

5 The number of laminate sub-layers is proportional to the 
number of different fluid-flow channel exit applications. 
As such, all laminate sub-layers are stacked in an 
aligned manner to register the alignment apertures to 
each another and placed in a position for bonding to- 

10 gether. 

[0015] The flow system also comprises a silicon ap- 
erture structure which forms a top layer over the lami- 
nate gasket manifold. The silicon aperture structure fur- 
ther includes a plurality of alignment apertures designed 

*s to constrain the fluid flow via the channels. 

[0016] The flow system further comprises a means for 
receiving and transmitting fluid through the flow chan- 
nels of the laminate gasket manifold and exit the align- 
ment apertures of the silicon aperture structure. The 

20 means for receiving and transmitting fluid through the 
channels of the laminate gasket manifold is housed in 
a substrate, or mounting block. The mounting block 
comprises a metal such as stainless steel, a ceramic 
such as zirconium oxide, or a glass such as Pyrex or 

25 quartz. Furthermore, the means for receiving and trans- 
mitting fluid can be utilized as a vacuum for cleaning 
where debris or other fluids may be found. 
[0017] in one specific application, the flow system dis- 
cussed is utilized with an ink jet print head. Further dis- 

30 closed is a fluid-flow apparatus for use with ink jet sys- 
tems and similar devices comprising a laminate gasket 
manifold containing a plurality of bi-directional fluid-flow 
channels therein. The laminate gasket manifold further 
includes a polyimide dry film resist, which resists disso- 

35 lution upon contact with ink. The laminate gasket man- 
ifold also comprises one or more laminate sub-layers 
etched to form the fluid-flow channels. Each laminate 
sub-layer comprises one layer, including a stiffening el- 
ement, and one or two layers of polyimide dry film. The 

to polyimide dry film resist is applied to one or both sides 
of the stiffening elements so as to form a laminate sub- 
layer. The stiffening elements are chosen from the group 
consisting of: stainless steel, Invar or copper. The lam- 
inate sub-layers are then stacked in an aligned manner 

45 to register the alignment apertures to each other for 
bonding and to form fluid-flow channel exit applications 
therein. As such, the number of sub-layers is proportion- 
al to the. number of different fluid-flow channel exit ap- 
plications. 

so [0018] The apparatus also comprises a silicon aper- 
ture structure forming atop layer over the laminate gas- 
ket manifold. The silicon aperture structure is further 
adapted to connect to an ink jet system for flow of ink. 
[0019] The apparatus further comprises a means for 

55 feeding ink through the channels of the laminate gasket 
manifold and exit the alignment apertures of the silicon 
aperture structure. The means for feeding ink through 
the channels of the gasket manifold is housed in a 
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mounting block, which comprises a metal such as stain- 
less steel, a ceramic such as zirconium oxide, or a glass 
such as Pyrex or quartz. Thus, the mounting block is 
attached to an ink reservoir for flow through the laminate 
gasket manifold. 

[0020] Technical advantages of the present invention 
Include photofabrication of the manifold which leaves no 
particulate debris, such as with laser machining, ultra- 
sonic drilling, and other prior art fabrication techniques. 
Since debris and adhesive spills into the channels are 
eliminated, no cleaning of the manifold sub-assembly is 
required; 

[0021] Other technical advantages include the use of 
polyimide which is a compliant material and which per- 
mits bonding material together with different thermal ex- 
pansions, such as stainless steel and silicon. Thus, the 
stiffening material can be selected to closely match the 
silicon, with regard to its thermal expansion. That is, In- 
var, that has a thermal expansion which closely resem- 
bles that of silicon, can be used instead of the stainless 
steel. The thickness of these materials can be adjusted 
to minimize the stress induced in the silicon from the 
bonding operation. Still another advantage is that the 
thickness of the stiffening material can be adjusted io 
provide a given flexibility necessary for other applica- 
tions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] For a more complete understanding of the 
present invention, including its features and advantag- 
es, reference is made to the following detailed descrip- 
tion of the invention, taken in conjunction with the ac- 
companying drawings of which: 

FIG. 1 is a diagrarri illustrating a bi-directional fluid, 
gas and/or vacuum flow systerin, in accordance with 
a preferred embodiment of the present invention; 
FIG. 2 depicts a close-up view of the laminate gas- 
ket manifold Jn accordance with a preferred em- 
bodiment of the present invention; 
FIG. 3 shows the laminate sub-layers, in accord- 
ance with a preferred embodiment of the present 
invention; . ; 

FIG. 4 is a. diagram illustrating the top view of one 
embodiment of the present invention; and 
. FIG. 5 is a high-level logic flow diagram illustrating 
process steps for implementing the method and 
system of the present invention, in accordance with 
a preferred embodiment. 

[0023] Corresponding numerals and symbols in the 
figures refer to corresponding parts in the detailed de- 
scription unless otherwise indicated. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] While the making and using of various embod- 



iments of the present invention are discussed in detail 
below, it should be appreciated that the present inven- 
tion provides many applicable inventive concepts which 
can be embodied in a wide variety of specific contexts. 
5 The specific embodiments discussed herein are merely 
illustrative of specific ways to make and use the inven- 
tion, and do not delimit the scope or application of the 
invention. 

[0025] To better understand the invention, reference 
10 is made to FIG. 1, wherein a diagram illustrating a bi- 
directional fluid; gas and/or vacuum flow system in ac- 
cordance with a preferred embodiment of the present 
invention is shown and denoted generally as 10. Flow 
system 10 includes a laminate gasket manifold icon- 
's taining a plurality of bi-directional fluid-flow channels 22 
therein. The laminate gasket manifold 14 consists of 
laminate sub-layers 42 which are bonded and cured to 
form the manifold sub-assembly 1 4 as discussed below 
in reference to FIG. 3. In general, the same bonding ma- 
20 terial, or thin gasket laminate 16, is used to attach a sil- 
icon aperture structure 1 2 to the laminate gasket assem- 
bly 14. For Inkjet printer systems, the silicon aperture 
structure 12, or silicon die, has a width on the order of 
a f ew millimeters. The silicon aperture structure 12 com- 
25 prises a plurality of alignment apertures 18 or "nozzles" 
designed to constrain the ink flow via the channels 22. 
those skilled in the art will appreciate that the figures 
referred to herein are not drawn to scale and have been 
enlarged in order to illustrate the major aspects of the 
30 flow system 10, A scaled drawing would not show the 
fine detail necessary to portray and understand the 
present Invention. 

[0026] During fabrication, the laminate gasket mani- 
fold 14 is bonded via a die bonder in between the silicon 

35 aperture structure 1 2 having inkjet nozzle orifices and a 
substrate, or mounting block 24. The silicone structure 
may also include CMOS circuitry for controlling flow 
from the orifices for printing images. The mounting block 
24 may comprise a metal such as stainless steel, a ce- 

40 ramie such as zirconium oxide, or a glass such as Pyrex 
or quartz. The mounting block 24 houses a means for 
receiving and transmitting ink, or otherf luids through the 
inlet/outlet tubes 20 and into the bi-directional fluid-flow 
channels 22 of the laminate gasket manifold 14. In op- 

45 eration, fluid (i.e., ink) or gas exits the alignment aper- 
tures 18 of the silicon aperture structure 12. Extending 
from the mounting block 24 are ink inlet/outlet tubes 20 
which connect to an ink reservoir (not shown) for fluid 
flow to the laminate gasket manifold 14. 

50 [0027] The laminate gasket manifold 14 may also be 
referred to as a manifold sub-assembly, or ink manifold 
depending on the fluid-flow application in which it is 
used. Typically, the ink inlet/outlet tubes 20 are on the 
order of a few millimeters wide with the width of the sil- 

55 jcon aperture structure 12, which are approximately the 
same as the width of the inlet/outlet tubes 20. In one 
embodiment, the alignment apertures 18 are on the or- 
der of 0.01 to 0.02 millimeters in diameter. The flow sys- 
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tern 10 must attach the Ink inlet/outlet tubes 20 (a few 
millimeters in diameter) to the micron ink jet alignment 
apertures (0.01 to 0.02 millimeters in diameter). 
[0028] FIG. 2 depicts a close-up sectional view of the 
flow system 10 in accordance with a preferred embodi- 
ment of the present invention. As previously discussed, 
the manifold sub-assembly, or laminate gasket manjfold 
14 is bonded to the silicon aperture structure 12 on one 
side, using a thin gasket laminate 16, and to the stain- 
less steel mounting block 24, on the other side forming 
the flow system 10. This bonding process is performed 
using a die bonder where the laminate gasket manifold 
14 and the additional parts (i.e., silicon aperture struc- 
ture 12 and mounting block 24) to be bonded together 
are applied pressure and heated at 160 degrees C for 
approximately five minutes. Once the silicon aperture 
structure 12 and the mounting block 24 have adhered 
to both sides of the laminate gasket manifold 1 4, the en- 
tire flow system 1 0 can then undergo a post bake at 1 60 
degrees C for one hour utilizing a static pressure, such 
as dead weight, in order to press the flow system 10 
together. This, in turn, results in a complete cross-link 
of the bonding material on the laminate sub-layers 42. 
[0029] The mounting block 24 provides a means for 
receiving and transmitting ink through the channels 22 
of the laminate gasket manifold 14 via an ink reservoir 
(not shown) In this way, the laminate gasket manifold 
14 functions as a gasket by maintaining ink flow within 
thei channels 22 without flowing between the laminate 
sub-layers 42, as depicted in FIG. 3. 
[0030] As shown in FIG. 3, the laminate gasket man- 
ifold 14 comprises one or more laminate sub-layers 42. 
Each laminate sub-layer 42 includes a stainless steel 
layer 46 and two polyimide dry film layers 44. With ref- 
erence to FIG. 3, nine layers, or three laminate sub-lay- 
ers 42 are shown although the number may vary from 
one manifold 1 4 to another according to the flow system 
10 application. 

[0031] In forming the manifold 14, photoimagable 
polyimide dry film resist layers 44 are applied to stiffen- 
ing elements, such as stainless steel, Invar or copper 
layers 46. This is done on both sides of the stainless 
steel layers 46 so as to form a three-part sub-layer (e. 
g., polyimide, stainless steel, polyimide). The polyimide, 
however, can also be applied to only one side of a stiff- 
ening element. Each laminate sub-layer 42 is then 
stacked. in an; aligned manner. Heat and pressure are 
then applied via a vacuum laminator, therefore tacking 
the sub-layers 42 to each other to form a gasket or man- 
ifold. Only sufficient heat, approximately 70 to 75 de- 
grees C, is used for 1 0 to 30 seconds to insure adhesion 
between layers 42. This, however, is not enough to fully 
cross-link the bonding material, or polyimide dry film lay- 
ers 44. 

[0032] The lamination process can also be performed 
on an array of layers 42 tabbed together. Registration 
pins (not shown) are then used to align the layers 42, 
while a vacuum laminator or a standard printed circuit 



board lamination press (not shown) is used for the lam- 
ination process. A thin sheet of Teflon is used between 
the anvils of the press and the polyimide to prevent the 
parts from bonding to the anvils of the lamination press. 
s This provides a simple cost effective fabrication process 
for making a large number of manifolds in a single op- 
eration, the discrete manifolds are removed from the 
array by simply breaking the tabs between the parts. 
[0033] After the lamination process, the laminate gas- 

10 ket manifold 14 can be bonded to additional parts, such 
as between a substrate, or mounting block 24 providing 
fluid, gas, and/or vacuum inlets and a structure, such as 
a silicon aperture structure 12. Together, the laminate 
gasket manifold 14, the silicon aperture structure 12, 

15 and the mounting block 24 form the flow system 10. In 
bonding all parts to the laminate gasket manifold 14, 
heat and pressure are applied at 1 60 degrees C for ap- 
proximately five minutes in order to adhere the mounting 
block 24 to one side of the laminate gasket manifold 14, 

20 and the silicon aperture structure 12 to the other side. 
Following the bonding process via a die bonder, the flow 
system 10 is then cured at 160 degrees C for one hour 
utilizing static pressure, such as a dead weight, in order 
to press the flow system 10 together. Thus, the curing 

25 process results in a complete cross-link of the bonding 
material, or polyimide dry film layers 44. 
[0034] As such, the polyimide dry film layers 44 act as 
a resist prior to curing, as well as anadhesive in bonding 
the laminate sub-layers 42 during the curing process. 

30 The fact that the polyimide dry film layers 44 are used 
to form the Jaminate gasket manifold 14 means that spill 
of adhesive into the fluid-flow channels 22 is eliminated. 
Thus, the need for cleaning is eliminated. 
[0035] FIG. 4 is a diagram illustrating the top view of 

35 the flow system 10 according to one embodiment of the 
invention. The three main sections of the flow system 
1 0 include the mounting block 24, or substrate, the lam- 
inate gasket manifold 14 and the silicon aperture struc- 
ture 12. The silicon aperture structure 12 is bonded to 

40 the top layer of the manifold sub-assembly 14 utilizing 
a thin gasket laminate 16, or a polyimide dry film layer 
44, aligned via the alignment apertures 18 which form 
channels 22 etched into each sub-layer 42. The align- 
ment apertures 18 may also be referred to as exit appli- 

45 cations as they provide a route for the ink flow from the 
ink jet inlets 20 to a print head attached to the silicon 
aperture structure 12. Alignment apertures 18 are de- 
signed to control ink flow and vary in number. In one 
embodiment, the number of alignment apertures 1 8 may 

so depend on the number of ink colors provided. For ex- 
ample, Fig. 4 shows four alignment apertures 1 8 on the 
flow system 10. In one application, flow system 10 would 
be adapted to utilize a four-color ink jet print head that 
consists of one monolithic silicon die with one or more 

55 arrays of nozzles for each different color. In yet another 
embodiment, alignment apertures 18 may vary in 
number, depending on their application with regard to 
the flow of fluid, gas and/or vacuum. As such, alignment 



) 
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apertures 18 may range in number from one to several 
hundred. 

[0036] The bonding process is accomplished by uti- 
lizing a die bonder (not shown) designed for bonding sil- 
icon chips to packages or circujt boards. A die bonder 
is well known in the industry to align die to the substrate 
24 comprising a laminate and to apply heat and pres- 
sure to bond the parts together. With regard to the 
present invention, pressure and heat at 160 degrees C 
for five minutes is sufficient to bond the parts together. 
Furthermore, a post bake at 1 60 degrees C for one hour 
in an oven is required to fully cross-link the polyimide 
dry film layers 44. This increases the bond strength arid 
makes the material inert to the ink. During the post bake, 
pressure is applied to the flow system 10 with a static 
pressure, such as a dead weight. This bake could be 
performed in the die bonder, but the extended bake time 
of one hour drastically reduces the throughput of the 
bonder. Jf, however, the laminate gasket manifold 14 is 
not to be used to bond other parts together, undergoing 
a post bake by heating the laminate sub-assembly 14 
under pressure at 160 degrees C for one hour will fully 
cross-link the bonding material. 
[0037] : FIG. 5 is a f low diagram illustrating the process 
steps, denoted generally as 60, for fabricating a flow 
system 10 according to one embodiment of the present 
invention. Process 60 begins at step 62 wherein a pho- 
toimagable polyimide dry film resist layer 44 is applied 
to a layer 46 which acts as a stiffening element. Step 62 
is performed so that a layer of polyimide dry film 44 sur- 
rounds each layer of the stiffening element 46, such as 
stainless steel, Invar or copper, to provide adhesion to 
other polyimide layers 44 in the laminate gasket mani- 
fold 14. Thus, polyimide is desirable due to its adhesion 
and simplicity of use. Furthermore, stainless steel shim 
stock is a material that may be used being that it is read- 
ily available and chemically etches easily. The dry film 
material Is applied as a laminate on both sides of the 
steel, therefore forming a laminate sub-layer 42. A larri- 
inator may be used which allows for the stainless steel 
stock to be fed in while fusing polyimide to both sides of 
the layer forming a lamination. Using a photo tool, an 
image is then created and developed on both sides of 
each laminate sub-layer 42 during registration so that 
the image on the backside is aligned to the image on 
the front side. This is performed in order to prepare the 
stainless steel for etching. 

[0038] Openings in the dry film are patterned at step 
64 on both sides by using apre-registered or pre-aligned 
photomask. The pattern is then defined by removing the 
photoresist at step 66 from the selected patterned area 
of the laminate sub-layers to prepaire for etching. The 
stainless steel is etched at step 68 from between the 
openings. That is, the laminate sub-layers 42 are etched 
to form alignment apertures 18 therein. The etching 
process is performed, separately on the laminate sub- 
layers 42 utilizing an array format. Dry film photoresists, 
in particular dry film solder masks, are formulated to ad- 



here to the substrate without the addition of other ma- 
terials, such as an adhesive (e.g., epoxy). 
[0039] Once the alignment apertures 18 have been 
etched out at step 68, dowl pins are then set at step 70 

5 in the alignment apertures 18 utilizing a flex-mass 
board. The pins are used to keep the openings aligned 
while stacking the laminate sub-layers 42 at step 72. 
That is, the laminated sub-layers 42 are stacked in an 
aligned manner to register the openings to one another. 

10 These openings, when stacked in an aligned manner, 
define the channels 22 for bi-directional fluid flow 
through the laminate gasket manifold 14 to the exit ap- 
plications of the silicon aperture structure 12. 
[0040] After the laminate sub-layers 42 have been 

15 stacked at step 72, heat and pressure are then applied 
to the stack at step 74 via a vacuum laminator, whereby 
the laminate sub-layers 42 are bonded together to form 
a laminate gasket manifold 14. Only sufficient heat, ap- 
proximately 70 to 75 degrees C, is applied for a period 

20 ranging from 1 0 to 30 seconds in order to insure adhe- 
sion between the sub-layers 42. This, however, is not 
enough to fully cross-link the bonding material. The 
bonding material, or polyimide dry film, functions as a 
laminate for the.stainless steel layers 46, as well as an 

25 adhesive to bond the laminate sub-layers 42 together. 
The bonding of all these layers, thus, forms a laminate 
gasket manifold 14 that prevents fluid, or ink from leak- 
ing between the layers. As such, the fluid flow is con- 
trolled so as to continue its route from an ink reservoir 

30 entering the ink inlets, through the laminate gasket man- 
ifold 14 and out the exit alignment apertures 18 to a print 
head; therein attached. 

[0041]: . The laminate gasket manifold 14 is then in a 
state to bond additional parts at step 76 to either or both 

35 sides. ]f bonding additional parts is desired at step 76, 
then a die bonder is used at step 78 to accomplish this 
task. As such, the laminate gasket manifold 14 can be 
bonded to additional parts, such as between a sub- 
strate, or mounting block 24, providing fluid, gas and/or 

40 vacuum inlets and a structure, such as a silicon aperture 
structure 12. The mounting block 24 can comprise a 
metal such as stainless steel, a ceramic such as zirco- 
nium oxide, or a glass such as Pyrex or quartz. The lam- 
inate gasket manifold 14 is first aligned with the nozzles 

45 18, or orifices of the silicon aperture structure 12. As 
such, a precision die bonder can be used to accurately 
align the structures to the laminate gasket manifold 14. 
Once all parts have been aligned, heat and pressure via 
a die bonder are then applied at 1 60 degrees C for ap- 

50 proximately five minutes in order to adhere the sub- 
strate, or mounting block 24, to one side of the laminate 
gasket manifold 14 and the silicon aperture structure 12 
to the other side. The laminate gasket manifold 14 to- 
gether with additional parts, thus, forms a fluid, gas and/ 

55 or vacu urn flow system 1 0. 

[0042] To fully cross-link the bonding material, a post 
bake at step 80, or curing process, is administered in an 
oven. As such, heat at 160 degrees C for one hour is 
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applied with a static pressure, such as a dead weight, 
that presses the flow system 10 together during the 
cross-linking process. However, if the laminate gasket 
manifold 14 is not to be used to bond other parts togeth- 
er at step 76, then heating the laminate sub-assembly s 
14 via a post bake at step 80 at 160 degrees C for one 
hour will fully cross-link the bonding material. 
[0043] As such, this process describes a fluid, gas 
and/or vacuum flow system 10 comprising a laminate 
gasket manifold 1 4, which is photof abricated and leaves 10 
no particle debris, as do the methods of laser machining, 
or ultrasonic drilling. Therefore, the part is clean after 
processing and needs no further cleaning. Furthermore, 
no adhesives are necessary to assemble the structure. 
In the preferred embodiment, the polyimide dry film 15 
functions as an adhesive, which does not compare to 
other conventional adhesives that wick into inkchannels 
and crack the silicon die because they are thin and 
weak. 

[0044] Thus, there is described: 20 

1 . A method of fabricating a fluid, gas and/or vacu- 
um flow system, said system having a laminate gas- 
ket manifold containing a plurality of bi-directional 
fluid-flow channels therein, the method comprising 25 
the steps of applying a photoimagable polyimide dry 
film resist to one or more stiffening elements in or- 
der to form laminate sub-layers; patterning said re- 
sisi to form a plurality of openings therein; selective- 
ly etching said laminate sub-layers to form align- 30 
ment apertures therein; stacking the resist-coated 
sub-layers such that the alignment apertures there- 
in are aligned to each other, respectively, to form bi- 
directional fluid-flow channels; and applying heat 
and pressure to the stack, whereby the laminate 35 
sub-layers are bonded together to form a laminate 
gasket manifold. 

2. The method according to paragraph 1 wherein 
said step of applying a photoimagable polyimide dry 
film resist is performed on one or both sides of said *o 
stiffening elements, said stiffening elements chosen 
from the group consisting of: stainless steel, Invar 

or copper. 

3. The method according to paragraph 1 wherein 
said step of applying a photoimagable polyimide dry 45 
film resist further comprises the step of creating an 
image developed on both sides of each laminate 
sub-layer during registration. 

4. The method according to paragraph 1 wherein 
said patterning step is performed on both sides of so 
said laminate sub-layers utilizing a pre-registered 

or pre-aligned photomask. 

5. The method according to paragraph 1 wherein 
said step of patterning is followed by the step of de- 
fining the pattern by removing the photoresist from ss 
the selected patterned area of said laminate sub- 
layers to prepare for etching. 

6. The method according to paragraph 1 wherein 



said etching step is performed separately on said 
laminate sub-layers utilizing an array format. 
7. The method according to paragraph 1 wherein 
said step of etching said laminate sub-layers to form 
alignment apertures is followed by the step of set- 
ting pins in said alignment apertures utilizing a flex- 
mass board to align the layers together. 
8: The method according to paragraph 1 wherein 
said step of applying heat and pressure further in- 
cludes the step of heating said laminate gasket 
manifold at 70-75 degrees C in a vacuum laminator 
for 1 0 to 30 seconds in order to tack said laminate 
sub-layers together, said laminate gasket manifold 
via said bonding material resulting in a not fully 
cross-linked state. 

9. The method according to paragraph 8 wherein 
said heating step is followed by the step of curing 
said laminate gasket manifold at 1 60 degrees C for 
one hour utilizing a static pressure, such as a dead 
weight, in order to press said laminate gasket man- 
ifold comprising said laminate sub-layers together 
during the curing process, said curing process re- 
sulting in a complete cross-link of said bonding ma- 
terial. 

10. The method according to paragraph 8 wherein 
said heating step is followed by the step of bonding 
said laminate gasket manifold to additional parts, 
such as between a substrate providing fluid, gas or 
vacuum inlets and a structure, such as a silicon ap- 
erture structure, said laminate gasket manifold to- 
gether with said additional parts further forming said 
fluid, gas and/or vacuum flow system. 

11 . The method according to paragraph 1 0 wherein 
said bonding step is preceded by the step of align- 
ing the orifices of said additional parts to the align- 
ment apertures of said laminate gasket manifold, 
thereby extending said bi-directional flow channels. 

12. The method according to paragraph 10 wherein 
said bonding step is followed by the step of applying 
heat and pressure to said flow system at 160 de- 
grees C for approximately five minutes, whereby 
said heat and pressure is applied to adhere said 
substrate to one side of said laminate gasket man- 
ifold and said silicon aperture structure to the other 
side of said laminate gasket manifold. 

13. The method according to paragraph 12 wherein 
said step of applying heat and pressure is followed 
by the step of curing said flow system at 160 de- 
grees C for one hour utilizing a static pressure, such 
as a dead weight, in order to press said flow system 
together during the curing process, said process re- 
sulting in a complete cross-link of said bonding ma- 
terial. 

14. A fluid, gas and/or vacuum flow system com- 
prising: 

a laminate gasket manifold containing a plu- 
rality of bi-directional fluid-flow channels therein, 
said laminate gasket manifold further including a 
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bonding material which resists dissolution upon 
contact with said fluid; a silicon aperture structure 
forming a top layer over said laminate gasket man- 
ifold; and a means for receiving and transmitting flu- 
id through said channels of the laminate gasket s 
manifold and exit the alignment apertures of said 
silicon aperture structure. 

1 5. The system accprding to paragraph 14 wherein 
said laminate gasket manifold further comprises 
one or more laminate sub-layers etched to form said . io 
channels. 

1 6. The system according to paragraph 1 5 wherein 
each laminate sublayer comprises one layer in- 
cluding a stiffening element and one or two layers 

of bonding material, such as a polyimide dry film re- is 
sist, said bonding material applied to one or both 
sides of said stiffening element forming a lamination 
on said stiffening elements. 

1 7. The system according to paragraph 1 6 wherein 
said stiffening elements are chosen from the group 20 
consisting of: stainless steel, Invar or copper. 

18. The system according to paragraph 15 wherein 
the number of said laminate sub-layers is propor- 
tional to the number of different fluid-flow channel 
exit applications. zs 

1 9. The system according to paragraph 1 5 wherein 
said laminate sub-layers are stacked in an aligned 
manner to register the alignment apertures to each 
. other and placed in a position for bonding together. 

20. The system according to paragraph 1 4 wherein 30 
said silicon aperture structure further comprises a 
plurality of alignment apertures designed to con^ 
strain the fluid flow via said channels. 

21 The system iaccording to paragraph 14 wherein 
said means for '"receiving arid transmitting fluid 35 
through said channels of the laminate gasket man- 
ifold is housed in a substrate, or mounting block 
comprising a metal such as stainless steel, a ce- 
ramic such as zirconium oxide, or a glass such as 
Pyrex or quartz. . . *o 

22. The system according to paragraph 21 wherein 
said mounting block is attached to a fluid reservoir 
fbrfluid flowthrough said laminate gasket manifold. 

23. The system according to paragraph 14 wherein 
said means for receiving and transmitting fluid *s 
through said channels of the laminate gasket man- 
ifold is utilized as a vacuum. 

24. A fluid flow apparatus for use with ink jet sys- 
tems and similar devices comprising a laminate 
gasket manifold containing a plurality of bi-direc- so 
tional fluid-flow channels therein , said laminate gas- 
ket manifold further including a bonding material 
which resists dissolution upon contact with ink; a sil- 
icon aperture structure forming a top layer over said 
gasket manifold, said silicon aperture structure ss 
adapted to connect to said ink jet system; and a 
means for feeding ink through said channels of the 
laminate gasket manifold and exit the alignment ap- 



ertures of said silicon aperture structure. 

25. The apparatus according to paragraph 24 
wherein said laminate gasket manifold further com- 
prises one or more laminate sub-layers etched to 
form said channels. 

26. The apparatus according to paragraph 25 
wherein each laminate sub-layer comprises one 
layer including a stiffening element and one or two 
layers of bonding material, such as a polyimide dry 
film resist, said bonding material applied to one or 
both sides of said stiffening elements forming a lam- 
ination on said stiffening elements. 

27. The apparatus according to paragraph 26 
wherein said stiffening elements are chosen from 
the group consisting of: stainless steel, Invar orcop- 
per. 

28. The apparatus according to paragraph 25 
wherein the number of said laminate sub-layers is 
proportional to the number of different fluid-flow 
channel exit applications. 

29. The apparatus according to paragraph 25 
wherein said laminate sub-layers are stacked in an 
aligned manner to register the alignment apertures 
to each other and placed in a position for bonding 
together. 

3b. The apparatus according to paragraph 24 
wherein said means for feeding ink through said 
channels of the laminate gasket manifold is housed 
in a mounting block comprising a metal such as 
stainless steel, a ceramic such as zirconium oxide, 
or a glass such as Pyrex or quartz. 

31. The apparatus according to paragraph 30 
wherein said mounting block is attached to an ink 
reservoir for fluid flow through said laminate gasket 
manifold. 

32. The apparatus according to paragraph 24 
wherein said meians for feeding ink further compris- 
es a means for receiving and transmitting fluid, gas 
or serving as a vacuum. 

[0045] While this invention has been described with a 
reference to illustrative embodiments, this description is 
not intended to be construed in a limiting sense. Various 
modifications and combinations of the illustrative em- 
bodiments, as well as other embodiments of the inven- 
tion, will be apparent to persons skilled in the art upon 
reference to the description. It is, therefore, intended 
that the appended claims encompass any such modifi- 
cations or embodiments. 



Claims 

1 . A method of fabricating a fluid, gas and/or vacuum 
flow system, said system having a laminate gasket 
manifold containing a plurality of flu id-flow channels 
therein, the method comprising the steps of: 



16. 
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applying a photoimagable dry film resist to one 
or more stiffening elements in order to form 
laminate sub-layers; 

patterning said resist to form a plurality of open- 
ings therein; . 5 
selectively etching said laminate sub-layers to 
form alignment apertures therein; 
stacking the resist-coated laminate sub-layers 
such that the alignment apertures therein are 
aligned to each other, respectively, to form fluid- 1 o 
flow channels; and 

applying heat and pressure to the stack, where- 
by the laminate sub-layers are bonded together 
to form a laminate gasket manifold. 

15 

The method according to Claim 1 wherein said step 
of applying a photoimagable dry film resist is per- 
formed on one or both sides of said stiffening ele- 
ments, said stiffening elements chosen from the 
group consisting of: stainless steel, Invar or copper 20 
and said dry film resist is polyimide. 

The method according to Claims 1 or2 wherein said 
step of applying^ photoimagable polyimide dry film 
resist further comprises the step of creating an im- 25 
age developed on both sides of each laminate sub- 
layer. 

The method according to any of Claims 1 through 

3 wherein said patterning step Is performed on both 30 
sides of said laminate sub-layers utilizing a pre-reg- 
istered or pre-aligned photomask. 

The method according to any of Claims 1 through 

4 wherein said heating step is followed by the step 35 
of bonding said laminate gasket manifold to addi- 
tional parts, including a substrate providing fluid, 
gas or vacuum inlets and a silicon aperture struc- 
ture, said laminate gasket manifold together with 
said additional parts further forming said fluid, gas 40 
and/or vacuum flow system. 



8. 



9. 



The system according to Claim 7 wherein said lam- 
inate gasket manifold further comprises one or 
more laminate sub-layers etched to form said chan- 
nels: 

The system according to Claim . 8 wherein each lam- 
inate sub-layer comprises one layer including a stiff- 
ening element and one or two layers of bonding ma- 
terial that is also a dry film resist, said bonding ma- 
terial applied to one or both sides of said stiffening 
element forming a lamination on said stiffening el- 
ements. 



10. The system according to any of Claims 7 through 9 
where the system comprises an ink jet printer. 



6. The method of Claim 5 wherein said silicone aper- 
ture structure includes ink jet nozzle orifices. 

45 

7. A fluid, gas and/or vacuum flow system comprising: 

a laminate gasket manifold containing a plural- 
ity of fluid-flow channels therein, said laminate 
gasket manifold further including a bonding ma- so 
terial which resists dissolution upon contact 
with said fluid; 

a silicon aperture structure forming a top layer 
over said laminate gasket manifold; and 
a means for receiving and transmitting fluid 55 
through said channels of the laminate gasket 
manifold and exit the alignment apertures of 
said silicon aperture structure. 
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